The phosphatase activities of colonies of staphylococcal strains belonging to the 10 species most frequently isolated from specimens of human origin were evaluated on media with undetermined inorganic phosphate contents and on media supplemented with known amounts of phosphates. Ail strains of ail species tested were phosphatase positive on plates that were not supplemented with inorganic phosphates when the pH of the medium was high. In media supplemented with 0.3% phosphates at low and high pH, ail strains of Staphylococcus aureus, almost ail strains of S. epidermidis and S. xylosus, and none of the other species tested were phosphatase positive. Thirty S. simulans strains were grown in broths at pH 7 with and without phosphates, and the phosphatase activities of the cells were assayed at pH 5.5 and 8 in the absence of phosphates. At pH 8, ail strains gave a strong positive reaction when grown in the absence of phosphates and a negative reaction when grown in the presence of these salts at 0.3%. It was concluded that ail the species of staphylococci tested possess phosphatase activity and that the staphylococcal phosphatases are constitutive in some species and repressed in others.
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Phosphatase activity has often been evaluated as a test for identifying staphylococci (1, 4, 5, 7, 27) . Originally, the assay of this enzyme was used for separating Staphylococcus aureus from other staphylococci, since it was thought that only the former possessed phosphatase activity (5, 27) . Later, it was shown that a significant percentage of non-S. aureus staphylococci also carry this enzyme (1, 4, 14) . Despite these observations, the assay of phosphatase activity has continued to be used for identifying staphylococci; a reliable phosphatase test in combination with anaerobic fermentation of mannitol has been proposed for identifying coagulase-negative S. aureus strains (2) . Other investigators (12) who have proposed a scheme for identifying the staphylococcal species most important for human pathology used phosphatase activity as a key test of the scheme. When the new subdivision of staphylococci into species was proposed (10, 21) , the investigators described the strains of the species S. aureus, S. epidermidis, and S. xylosus as strong phosphatase producers; and the phosphatase character was found in over 90% of the S. aureus strains and 70 to 89% of the S. epidermidis and S. xylosus strains. In the other species, those investigators found weak phosphatase activity in most (less than 70%) S. simulans strains and a few strains (less than 30%) of other species (21) . Other investigators (3) have claimed that certain phosphatase assays on solid media are not sufficiently sensitive and give rise to false-negative reactions, while others (12) have reported that assays performed in liquid media may give false-positive reactions. This has generated the impression that phosphatase activity is a variable character in most staphylococcal species and is therefore not among the more reliable tests for separating and identifying staphylococcal species. This is unfortunate, since phosphatase activity can be tested relatively easily, especially by the methyl green phenolphthalein diphosphate method (15, (17) (18) (19) In the course of studies that have led to a new approach to defining the taxononomy of staphylococci (17, 24), we consistently found phosphatase activity in the species S. aureus and almost always in S. epidermidis and S. xylosus, but never in the strains of other species, including S. simulans (24) .
In an attempt to determine the distribution of the phosphatase character and its stability and reproducibility among the different staphylococcal species, we analyzed the phosphatase activities of strains belonging to the 10 staphylococcal species most often isolated from specimens of human origin, using media containing different amounts of phosphates. Indeed, we were able to show that the production of phosphatase is a stable character of all strains of all species tested. However, regulation of the enzyme varies, being constitutive in some species and repressed by phosphates in others.
MATERIALS AND METHODS
Bacterial strains. All strains used in this study were clinical isolates. Identification of the strains was performed by current criteria (9, 11) , with particular reference to the identification schemes proposed by Kloos and Schleifer (10, 21) and the lyogroup system (20, 24, 25) . The API Staph micromethod (API Systems S.A., La Balme-les-Grottes, Montalieu-Vercieu, France) was also used often.
Growth media. Staphylococci were isolated and routinely grown on mannitol salt agar (Difco Laboratories, Detroit, Mich.). For assaying phosphatase activity, we used both tryptose phosphate agar (Difco) and a medium with the following composition: 20 g of peptonum siccum (Costantino, Turin, Italy), 10 g of yeast extract (Difco), 1 g of glucose, 15 g of agar, 1 liter of water, and NaH2PO4, to bring the medium to pH 7 (medium PY). In some experiments PYD and PYP media were used. PYD medium was obtained by dialyzing 1 liter of PY medium without NaH2PO4 concentrated threefold against 10 liters of distilled water containing 0.05 g of glucose per liter for 8 h at 4°C. After dialysis, the solids contained in the medium were evaluated by drying 10 ml of medium to constant weight. Only preparations with a solids content similar to that of PY medium were used. PYP medium was obtained by adding a mixture of mono-and dibasic phosphates of pH 5.5 or 8 to PY medium in the amounts indicated below. In some experiments, PY medium deprived of inorganic phosphates (PYPD), as described by Rubin (16) , and brought to pH 8 was used.
Assay of phosphatase activity. The phosphatase activities of colonies were assayed as described by Baird-Parker (1) by adding para-nitrophenyl phosphate (Sigma Chemical Co., St. Louis, Mo.) to a final concentration of 1 mg/ml to the media described above. A loopful of bacterial growth of each strain was collected from mannitol salt agar plates and deposited on the surface of the solid medium containing the phosphatase substrate. The plates were then incubated at 370C.
In order to assay phosphatase activity in liquid medium, the various S. simulans strains were grown at 37°C in PY medium (without agar; pH 7) that either was not supplemented with inorganic phosphates (in this case, the pH was adjusted with a 0.1 M NaOH solution) or was supplemented with a mixture of mono-and dibasic phosphates at pH 7 to a concentration of 0.3% (PYP medium). Once the early stationary phase of growth was reached, cells were collected, suspended in 5 ml of 0.02 M acetate buffer (pH 5.5) or 5 ml of 0.02 M Tris hydrochloride buffer (pH 8) to a concentration of 1 optical density unit, and phosphatase activity was determined as described by Pompei et al. (15) .
RESULTS
Effect of different growth media on phosphatase activities of staphylococci of various species. Phosphatase activity was first assayed in staphylococci that were grown on two media containing different amounts of phosphates. Table 1 shows that in TPA medium (in which phosphates were added to peptone), phosphatase activity was demonstrated by all strains of the species S. aureus, S. epidermidis, and S. xylosus. Under these conditions, the apparent enzyme activities of colonies were virtually identical after 18 and 72 h of incubation. In PY medium (in which peptone was not supplemented with phosphates), in addition to all S. aureus, S. epidermidis, and S. xylosus strains, several isolates of most of the other species tested also gave a positive reaction after 20 h of incubation. Furthermore, the number of strains demonstrating this activity tended to increase with continuing incubation, so that most of the isolates were phosphatase positive after 72 h.
The phosphatase activity assays of the strains ( (10) - (2) S. capitis 5 - (5) - (5) + (4) + (5) - (1) S. saprophyticus 10 - (10) - (10) + (6) + (8) - (4) - (2) S. cohnii 5 - (5) - (5) + (3) + (4) - (2) - (1) S. xylosus (5) - (5) - (5) + (2) - (3) S. hominis
10
- (10) - (10) + (8) + (10) - (2) S. warneri 5 - (5) - (5) + (2) + (4) - (3) - (1) a The symbols + and -indicate positive and negative phosphatase reactions, respectively. The numbers in parentheses refer to the number of strains that gave the indicated reaction.
extent, the pH of the medium influenced the apparent phosphatase activities of the strains of most, but not all, species. In PY medium at pH 8, all strains of all species tested except S. haemolyticus were phosphatase positive (after 20 h of incubation). Ail strains of S. haemolyticus were phosphatase positive in PYD medium. In PYD medium at pH 5.5, phosphatase activity was not found in all S. cohnii, all S. hominis, and some S. saprophyticus strains but was found in all other species and strains. In contrast, in PYP medium (PY supplemented with 0.3% phosphates) at both pHs, all strains of the species S. aureus, S. epidermidis, and S. xylosus were phosphatase positive; but none of any of the other species tested was phosphatase positive. The only notable exception to this was S. simulans, which showed clear phosphatase activity in the medium at pH 5.5. In order to confirm phosphatase activities in the species that we analyzed and their response to phosphates in the growth media further, we finally tested the enzyme activities of a total of 473 additional staphylococcal strains grown on medium PY at pH 8, which was deprived of phosphates (PYPD) as described in Materials and Methods, and on PY medium supplemented with 0.3% phosphates. Table 3 shows that all strains of all species tested gave a positive reaction in the phosphate-free medium, whereas in the presence of phosphates (medium PYPD) only all S. aureus, 92% of S. epidermidis, and 87% of S. xylosus strains gave a positive reaction.
Regulation of S. simulans phosphatase by phosphates. A total of 30 S. simulans strains were grown overnight in PYD or PYP broth at pH 7 with 0.3% phosphates. The phosphatase activities of the cells were evaluated at pH 5.5 and 8. Table 4 gives the results in condensed qualitative form as the average behavior of all strains taken together. Table 5 gives the results in quantitative form for each of four different strains. Results of these experiments confirmed the results a Phosphatase activity is expressed in the arbitrary units described previously (15) . PYP medium was supplemented with 0.3% phosphates.
obtained for strains grown in solid media and demonstrated that all S. simulans strains indeed produce phosphatase after growth at both low and high pHs. Phosphatase activity at high pH was no longer evident when the bacteria were grown in the presence of 0.1% inorganic phosphates, whereas phosphatase activity at low pH was still evident in cells grown in double this concentration of phosphates.
DISCUSSION
These findings demonstrate for the first time that phosphatase activity in staphylococci is not possessed by only a few staphylococcal species, as was thought previously (1, 4, 7, 10, 12, 21, 24) , but is a property of all species whose strains are most frequently isolated from specimens of human origin. They also show, for the first time, that except for certain species such as S. aureus, S. epidermidis, and S. xylosus, the phosphatases of all the other species tested are greatly influenced by inorganic phosphates and that the enzymes of S. simulans strains are repressed by these substances. It is likely that the different and variable results reported previously by other investigators (3, 10, 12, 17, 21, 24) are due to the use of media with inorganic phosphate contents that were not accurately controlled and probably varied. Using media with undetermined phosphate contents, we, too, observed apparent variabilities in the phosphatase activities of the strains of species other than S. aureus, S. epidermidis, and S. xylosus. However, phosphatase activity was revealed to be a constant characteristic of all strains of all species tested when these strains were grown in the absence of inorganic phosphates and a constant property in virtually all strains of the species S. aureus, S. epidermidis, and S. xylosus but in none of any of the other species when the bacteria were grown in media supplemented with 0.3% inorganic phosphates.
The mechanism by which phosphates prevent expression of phosphatase activity was studied in S. simulans, and as mentioned above, the findings indicated that this compound represses synthesis of the enzyme. In fact, when the phosphatase activities of cells grown in the presence or absence of phosphates was assayed in a buffer not containing phosphates, the former but not the latter cells demonstrated this enzyme activity. The repression observed in the cells grown at low pH was only partial, and inhibition of activity in solid media at low pH required a higher concentration of phosphates than it did at pH 8. This raises the possibility that in S. simulans, two different genes code for the activities observed at low and high pHs and that this activity is not affected or is only partially repressed by phosphates at low pH but is efficiently repressed at high pH. Such conclusions VOL. 28, 1990 on November 6, 2017 by guest http://jcm.asm.org/ Downloaded from are not surprising since phosphatases of other microbial species are known to be regulated by phosphates (6, 8, 22) .
Concerning the strains of the other staphylococcal species previously described as phosphatase negative (10, 17, 21, 24) , our findings suggest that the phosphatases of all these species are probably also regulated by phosphates, although the possibility that the loss of enzyme activity observed in the plates containing phosphates was due to inhibition of the enzyme by the salts cannot be excluded. However, as mentioned above, the different behaviors shown by the strains of the various species in media with different pHs and phosphate contents demonstrated that the phosphatases of the various staphylococcal species have different properties. This conclusion may have important and useful consequences in clinical microbiology. Staphylococci of species other than S. aureus are continually gaining importance in human pathology (13, 26) , but despite this, the incidence of the different species in infections cannot be assessed precisely (except in a few geographic areas). This is largely because identification of coagulase-negative staphylococci at the species level is still complex and expensive and is often not sufficiently reliable with the available commercial kits (23) . The results presented here demonstrate that the different staphylococcal species carry phosphatases with different properties and provide a novel tool for further defining the taxonomy of staphylococci and for establishing schemes for routine identification of coagulase-negative staphylococci that may provide more reliable identification at the species level.
